failed to demonstrate an effect of the administration
of PTH on intestinal 1,25(OH ) 2 D3 binding capacity. Total nephrectomy (TNx) However, administration of PTH blocked
For experiments in totally nephrectomized rats, animals were 1,25(OH ) 2 D3-mediated upregulation of intestinal unilaterally nephrectomized. The second kidney was removed 1,25(OH ) 2 D3 binding capacity [3] . This was compat-6 days after the first operation; animals were parathyroidectoible with the finding that an elevation of endogenous mized at the same time (where indicated). In those animals, 1,25(OH ) 2 D3 synthesis through hypocalcaemic diet measurement of serum calcium after PTx was not possible. (which produces secondary hyperparathyroidism) did not result in upregulation of intestinal 1,25(OH ) 2 D3 binding capacity whereas exogenous administration of Osmotic minipumps 1,25(OH ) 2 D3 (which is not associated with secondary hyperparathyroidism) led to homologous upregulation Osmotic minipumps (Alzet 2001, Alza Research Inc., Palo of VDR [4] . Further support for an involvement of Alto, USA) were implanted subcutaneously in the neck of the animals at the time-point of second nephrectomy. The PTH in the regulation of VDR expression stems from function of minipumps was verified as described previously additional studies in vitro [5] [6] [7] utilizing osteoblast- [14] .
like and cartilage cells, and from a clinical study which reported a higher 1,25(OH ) 2 D3 binding capacity in mononuclear cells from patients with primary hyper-Experimental procedures parathyroidism than in cells from normal subjects (8).
Abnormal expression and regulation of VDR in If not indicated otherwise, experimental groups included renal failure [9-13] may be of importance for patho-6-10 animals. In each experiment, 2-3 separate vitamin D genesis of renal hyperparathyroidism. The aim of the receptor measurements were carried out. Pooled tissue from current study was to assess the role of PTH in the 2 to 5 animals was utilized for each measurement. If not regulation of intestinal 1,25(OH ) 2 D3 binding capacity indicated otherwise, tissues were collected 6 days after second Nx or sham operation.
and VDR mRNA concentration in experimental renal failure.
Effect of PTx on intestinal 1,25(OH) 2

D3 binding capacity
Subjects and methods
Both in Nx and Intact, vehicle-treated or PTH-treated parathyroidectomized animals were sacrificed 6 days after PTx.
Animals and surgical procedures
Male Sprague-Dawley rats (Ivanovas, Kisslegg, Germany), Effect of PTH administration on intestinal 7-8 weeks and 170-190 g, were housed in an environment 1,25(OH) 2 D3 binding capacity with controlled light (12 h on/12 h off cycles), constant temperature (22°C ) and humidity (70%). The animals had PTH was administered continuously for 6 days. Rat free access to deionized water and standard diet (400 U PTH(1-34, Bachem, Heidelberg, Germany), dissolved in vitamin D3/kg, 0.95% calcium, 0.75% phosphate (weight/ NaCl 0.9% and 2% -cysteine (Serva), was infused by osmotic weight; Altromin, Lage, Germany). All surgical procedures minipump at a dose of 100 ng/kg bodyweight/day. This dose were performed under Ketamine (Parke-Davis, Berlin, was chosen since pilot experiments had shown that this Germany) anaesthesia. amount of PTH did not cause hypercalcaemia. Experiments were terminated after the 6-day treatment period with PTH, and tissues were collected. In Nx, PTH-infusion was started
Subtotal Nephrectomy (Nx)
at the time-point of second nephrectomy immediately after PTx. In Intact, PTH-infusion was started immediately after Animals were subjected to a two-step subtotal (5/6) nephrec-PTx. In one experiment (as indicated), 1 mg PTH was admintomy (Nx) procedure. During the first surgery, one kidney istered as a subcutaneous injection 24 h prior to the terminawas resected. A 2/3 nephrectomy of the second kidney was tion of the experiment (6 days after PTx). Control groups performed 48-96 h later. Control animals were sham-received the appropriate vehicle. operated by decapsulation of kidneys (Intact).
In Nx, three experiments were carried out which comprised Nx, Nx-PTx and Nx-PTx+PTH. In those experiments, VDR mRNA concentration was also measured.
Parathyroidectomy (PTx)
Reversibility of the effect of PTx on intestinal
Parathyroid glands were removed by microsurgical technique during surgery for resection of the second kidney (in Nx). 1,25(OH) 2
D3 binding capacity
Sham-operated control animals were parathyroidectomized immediately before the beginning of treatment. The PTx was Three groups of animals were formed: (i) Nx; (ii) Nx-PTx; (iii) Nx-PTx and infusion of PTH for 48 h by osmotic verified by reduced fasting serum calcium concentration (below 2.0 mmol/l ) 2 days after PTx. Blood samples were minipump (100 ng/kg bodyweight/day) starting 6 days after second Nx. Groups (i) and (ii) received vehicle by osmotic collected by retro-orbital puncture. Control animals were sham-operated by neck dissection and surgical preparation minipump. The experiment was completed 8 days after the last surgery. of parathyroid glands. centrations were determined by a previously described method [18] . No difference between groups was found (data not shown).
Effect of 1,25(OH)
Effect of PTH on intestinal 1,25(OH) 2 D3 binding capacity in total nephrectomy (TNx) and PTx
Three groups of animals (n=12) were studied: (i) TNx; Statistical analysis (ii) TNx-PTx; (iii) TNx-PTx and injection of 1 mg rat PTH(1-34) i.p. immediately after second Nx and PTx. Data are expressed as means±SE. Differences between two Experiments were completed 12 h after second nephrectomy. groups were analysed by Mann-Whitney U test. Differences For 48 h prior to second Nx, animals had received a low-between several groups were analysed by ANOVA, followed potassium diet (0.04% (weight/weight), Altromin). During by Duncan's test. surgery for the second Nx and 6 h after second Nx, animals had received 0.4 ml NaHCO 3 by intraperitoneal injection. In some experiments, growth of animals and daily food intake were monitored. No differences between experimental Results groups were noted.
Serum measurements [3H]-1,25(OH)
2 D3 binding capacity Serum measurements in sham-operated intact animals (Intact), in subtotally nephrectomized rats (Nx) and versus 417±42 in Nx-PTx). continuous infusion for 6 days or by bolus injection days or by bolus injection) had no effect on intestinal 1,25(OH ) 2 D3 binding capacity in Nx ( Figure 2 ). Mean to Intact ( Figure 2) . In those experiments, mean 2 D3 binding capacity in Intact (n=5 experiments) and Nx (n=5). Per experiment, measurements were made in duplicate or triplicate from tissue pools of 2-5 tissues. PTH (100 ng/kg bodyweight/day) was infused continuously for 6 days. In one experiment, (indicated by *), 1 mg PTH was injected intraperitoneally 24 h prior to sacrifice. Intact, sham-operated control animals; Nx, subtotal nephrectomy; PTH, administration of PTH.
1,25(OH )
2 D3 binding capacity was 592±47 fmol/mg Vitamin D receptor mRNA concentration. VDR mRNA concentrations in intestinal mucosa were measured by protein in Nx and 588±48 in Nx-PTH.
Northern blot. Data from a representative experiment are shown in Figure 4 . +PTH, administration of PTH (100 ng/kg bodyweight/day for 6 days by osmotic mini pump). Figure 5 ). In Nx-PTx it was elevated to a concentration, which was similar to that in Nx. tion was measured in subtotally nephrectomized rats with and without parathyroidectomy six h after intraperitoneal injection of 2. Nx-PTx. 24-Hydroxylase activity was induced in both An experiment with totally nephrectomized rats ( TNx) groups which had received 1,25(OH ) 2 D3. The was carried out to assess the possibility that the 1,25(OH ) 2 D3-stimulated intestinal 24,25(OH ) 2 D3-stimulatory effect of PTH on intestinal 1,25(OH ) 2 D3 production by Nx was 385±81 pmol/mg binding capacity in Nx-PTx was mediated through protein/30 min ( Table 3 ). This was significantly higher stimulation of 1,25(OH ) 2 D3 production in remnant (P<0.01) than 24,25(OH ) 2 D3-production by Nx-PTx kidney of Nx. Serum measurements in TNx are listed in Table 1 . Intestinal 1,25(OH ) 2 D3 binding capacity (209±68 pmol/mg protein/30 min). The decrease in ure [20, 21] , and that parathyroidectomy of uraemic rats does not further influence renal PTH/PTHrP 24-hydroxylase activity in Nx-PTx went approximately in parallel with the decrease in 1,25(OH ) 2 D3 binding receptor expression [22] . To our knowledge, comparable data for the intestinal PTH/PTHrP receptor do capacity ( Table 3) . not exist. A number of studies in vitro [25, 26 ] and in vivo [20] mized animals. In contrast, no difference was found between Nx and Intact when PTH was given to animals had shown that excess PTH resulted in downregulation of the PTH/PTHrP receptor and desensitization to with intact parathyroid glands; the excess PTH had no effect on intestinal VDR expression.
PTH. Those results argued against a direct stimulation by PTH of intestinal VDR expression in Nx-PTx. The mechanism for downregulation of intestinal 1,25(OH ) 2 D3 binding capacity in Nx-PTx was not Moreover, PTH had no effect on 1,25(OH ) 2 D3 binding capacity in animals with intact renal function (indeevident. One could have assumed that PTH was involved in the maintenance of intestinal 1,25(OH ) 2 D3 pendent from parathyroid status) and in uraemic animals with functioning parathyroid glands. Our binding capacity by a direct effect on the intestinal cell. This possibility was not excluded a priori since results suggested that one or more additional factors had to be involved in the regulation of VDR by PTH the PTH/PTHrP receptor mRNA is expressed with low intensity in the ileum of normal rats [19] , and in Nx-PTx.
Those additional factors could have included altered since the decrease in serum PTH after PTx could have resulted in diminished biological activity of PTH. serum concentrations of calcium, phosphate, and 1,25(OH ) 2 D3. Mean serum calcium was significantly However, parathyroidectomy of animals with intact parathyroid glands did not influence intestinal reduced in Nx-PTx as compared to Nx, whereas serum calcium had increased in Nx-PTx after PTH adminis-1,25(OH ) 2 D3 binding capacity rendering a direct relationship between a decrease of serum PTH and a tration. Thus, the changes in serum calcium paralleled changes in VDR expression under those experimental decrease of vitamin D receptor expression unlikely. Additional factors which could be involved in the conditions. However, VDR and serum calcium were disconcordant under other experimental conditions. modulation of intestinal 1,25(OH ) 2 D3 binding capacity in uraemia are changes in PTH/PTHrP receptor Serum calcium was low in Intact-PTx, but intestinal 1,25(OH ) 2 D3 binding capacity was unchanged. expression and altered responsiveness to PTH. Available data show that the rat renal and cardiac Moreover, administration of 1,25(OH ) 2 D3 to Nx-PTx upregulated intestinal 1,25(OH ) 2 D3 binding capacity PTH/PTHrP receptors are downregulated in renal fail-
